Novelty stimuli cause various behavioral responses, such as exploration and avoidance, and contextual variables may contribute to the behavioral outputs. Here, we tried to compare the behavioral responses to novel objects of five inbred strains of mice (C57BL/6J, 129/svJae, C3H/ HeJ, BALB/cJ and DBA/2J) by using a modified novel object test where a small light-weight cube wrapped with paper was presented to mice in a home cage without beddings. In response to these objects, the C57BL/6J, 129/svJae and C3H/HeJ mice showed mild exploratory behaviors, such as approaching, sniffing or brief contact. In striking contrast, the BALB/cJ and DBA/2J mice, which have been known to show high avoidance/low exploration in other behavioral paradigms, exhibited play-like secondary reactions toward the objects after initial primary exploratory behaviors. Specifically, DBA/2J mice would move the object around in the cage, holding it with their mouths, and BALB/cJ mice would gnaw the object, eventually stripping off the wrapping paper. Such behaviors decreased when similar objects were presented repeatedly. The present results suggest that active manipulations of novel objects may be a relevant parameter for measuring novelty-induced behaviors in mice and appear to be strongly influenced by genetic factors.
People with a high novelty-seeking personality tend to pursue novel, risky and varied experiences, which trigger positive and joyful emotions in them, whereas those with a low noveltyseeking personality tend to avoid such experiences (Cloninger 1986 (Cloninger , 1987 Zuckerman & Neeb 1979) . In clinical populations, such behaviors of high novelty or sensation seeking were found to be elevated in persons reporting a history of manicdepressive or sociopathic behaviors (Zuckerman & Neeb 1979) .
In rodents, novelty stimuli elicit a behavioral conflict between avoidance and exploration (Belzung 1992; Bronson 1968; Crawley 2000; Dember 1956; Montgomery 1955; Schwartz et al. 2003) . It has been suggested that the relative contributions of these competing tendencies to novelty may depend on the level of anxiety (Belzung & Le Pape 1994; Crawley 2000; Dulawa et al. 1999) . The treatment of anxiolytic drugs is known to increase exploration in the light/dark transition test (Bourin & Hascoet 2003; Crawley 2000; Crawley & Davis 1982) . Thus, reducing the factors that can cause anxiety in the animals may be an effective way to maximize exploratory behaviors in the tests.
The novel object test has received attention because the method elicits relatively robust approaching behaviors in rodents (Belzung 1992; Dulawa et al. 1999; Renner et al. 1992) . To maximize the exploratory behaviors, we tried to modify the conventional novel object test by using small and light-weight objects wrapped with mouse-preferred paper that would not be threatening and would be easy for the animals to handle and move. In this article, we describe the differential response patterns of five inbred mice strains to novel objects in the modified test and suggest that direct manipulations of the object such as gnawing or dislocation could be novel parameters for measuring responses of mice to novel objects.
Materials and methods

Mice
Six-week-old inbred BALB/cJ, C3H/HeJ, DBA/2J and C57BL/ 6J mice were purchased from the Jackson Laboratory (Bar Harbor, ME), and 129/svJae mice were bred in our laboratory. All mice were habituated for more than 1 week in the facility where experiments were performed. The 129/SvJae mice were obtained from Dr R. Jaenisch laboratory in MIT in 1991 and have been maintained in our laboratory until now. institutional guidelines of the Korea Institute of Science and Technology. Mice were maintained with free access to food and water under a 12-h light/12-h dark cycle, with the light cycle beginning at 0600 h.
Novel object experiments
Five female and five male mice of each strain were used for the novel object test. Three to four mice were housed together in a home cage with bedding before experiment. Each mouse was habituated in a new cage (24 Â 17 Â 14 cm) without bedding for 1 h. Top of the cage was covered with a transparent polyester film to avoid escaping of the mice out of the case. No bedding was used because burying behaviors became dominant, consistent with previous findings (Belzung 1992) , and additional reactions were not generated once the objects were buried (data not shown). Each object was made from a cube of white styrofoam (2 Â 2 Â 2 cm) wrapped with black paper and used only one time for each experiment. The approximated weight of each object was 0.25 AE 0.025 g. The object was placed at the center of the cage, and behaviors were recorded for 20 min on videotape using a small CCD camera (Samsung, Korea). Reading of video records and statistical analysis were performed by a person not involved in the experiments. Exploration patterns in response to novel objects were analyzed with regard to various behaviors, including approach, contact, dislocating, biting and gnawing. Dislocation was described as the distance that objects were moved by mice. Gnawing activities were indirectly measured by stripping scores, which reflect the percent of paper stripped off the surface of the objects. The stripping behavior was graded and expressed as a 'stripping score': 1 ¼ 0-25% loss; 2 ¼ 25-50% loss; 3 ¼ 50-75% loss and 4 ¼ 75-100% loss.
Data analysis
SAS VER. 8.02 (SAS Inc., Cary, NC) was used for statistical analysis, and SIGMA PLOT (SSI, Richmond, CA) was used for creating graphs. The amount of object exploration and dislocation per time interval were analyzed by two-way analysis of variance (ANOVA). The Kruskal-Wallis test, a non-parametric analogue to ANOVA for comparisons of three or more groups, was used to investigate the first contact latency. All other comparisons between strains were performed by one-way ANOVA. Tukey's honestly significant difference was used for post hoc comparisons. To quantify the object dislocation, we captured the video file whenever each event of object dislocation occurred and drew the vectorial line of object dislocation in the computer program (PHOTOSHOP V.7.0Z, Adobe, San Jose, CA).
Results
The primary explorations in the novel object test When exposed to a novel object, mice showed exploratory behaviors such as approach, sniffing and direct contact. The total sum of these exploratory behaviors was compared between strains. We found no sex difference in the results obtained with this sample of mice. Therefore, we pooled the results. When the first contact latency to objects was analyzed by Kruskal-Wallis test, there was a significant effect of the strain on the latency ( Fig. 1a; The patterns of secondary reactions to novel object After primary explorations of which patterns were not qualitatively different between strains, conspicuous different behaviors were found between the strains. BALB/cJ and DBA/2J strains showed active manipulations of the objects, the C57BL/6J and C3H/HeJ strains explored objects with mild touching and sniffing, and the 129/svJae strain showed almost no secondary exploration. Figure 2 shows the characteristic patterns of engagement, such as object dislocation or object gnawing. A sample tracing of the object dislocated by an animal is shown in Fig. 2(a) . The dislocation behavior of BALB/cJ mice was not included in this article because of their qualitatively different pattern of behavior (see below). The dislocation behavior followed the primary approach behavior and increased to a maximum 5-10 min after the first exposure to the object (Fig. 2b) . The distance of dislocation made by DBA/2J mice during the first 10 min was significantly farther when compared to the C3H/HeJ, C57BL/6J and 129/svJae strains (post hoc, P < 0.05). The dislocation behavior by DBA/2J mice decreased with time ( Fig. 2b ; time: F 3,96 ¼ 3.08, P ¼ 0.0311, strain Â time: F 9,96 ¼ 2.18, P ¼ 0.0296) and completely disappeared after 30 min (data not shown).
BALB/cJ mice showed the highest score in time spent exploring novel objects (Fig. 1b) . Interestingly, BALB/cJ mice gnawed and stripped the wrapping paper off the objects. We found that all of the objects presented to BALB/cJ mice were gnawed, and the paper wrapping of the object was stripped off (Fig. 2d) . The degree of manipulation was arbitrarily measured by 'stripping scores', which indicate the extent of removal of the wrapping paper (Fig. 2f) . When repeatedly exposed to similar objects, the gnawing behaviors of BALB/cJ mice significantly decreased ( Fig. 2f ; trial: F 4,49 ¼ 12.32, P < 0.0001; post hoc, P < 0.05), as did the time spent in object exploration ( Fig. 2e ; trial: F 4,49 ¼ 19.52, P < 0.0001; post hoc, P < 0.05).
Discussion
The present results show that there are two kinds of mouse behavior in response to novel objects: primary approach behaviors described previously (Belzung 1992; Dulawa et al. 1999) and secondary responses to novelty, which may be described as playfulness. In response to novel objects that were easy for mice to handle, BALB/cJ and DBA/2J mice showed the highest exploration scores and unique behaviors The number of mice used in the test: C3H, n ¼ 8 (five males and three females); DBA/ 2, n ¼ 8 (five males and three females); BALB/c, n ¼ 10 (five males and five females); C57BL/6J, n ¼ 10 (five males and five females); 129/Sv, n ¼ 10 (five males and five females).
of active manipulations of the objects. The other three strains of mice showed only the primary exploratory behaviors in response to the same objects. These active manipulations always followed primary exploration behaviors such as sniffing or approaching without direct contact and increased to a maximum 5-10 min after the first contact. The occurrence and the pattern of those active manipulations of novel objects were similar to object play or play exploration which was previously reported in other animals (Fagen 1981; Vanderschuren et al. 1997; West 1977) . To induce play behaviors, small size and mobility of object were important object properties in domestic kittens (West 1977) . Thus, the usage of light and movable objects contributes to the induction of the play exploration in BALB/cJ and DBA/2J which has not been reported in conventional novel object test.
Interestingly, in previous studies, the BALB/cJ and DBA/2J strains were not identified as high responders to novelty stimuli based on their high avoidance and moderate-to-low scores in open-field tests, whereas C57BL/6 mice were known as low avoidance and high responders to novelty in other behavioral paradigms (Crabbe 1986; Crawley et al. 1997; Henderson 1989) . BALB/c mice showed low light/ dark transitions (Crawley et al. 1997) , low exploration in open-field tests (Thompson 1953) and high avoidance in two-way avoidance tests (Buselmaier et al. 1981) . The DBA mice also showed high avoidance both in two-way (Buselmaier et al. 1981) and in one-way avoidance tests (Weinberger et al. 1992) , low or moderate locomotor activities in open-field tests (Bruell 1964 ) and a moderate level of anxiety (Crabbe 1986 ). We also confirmed that the BALB/cJ and DBA/2J mice used in the current study showed higher avoidance scores than other strains toward the lit chamber in light/dark transition tests (data not shown).
Thus, the BALB/cJ and DBA/2J mice have a bipolar responsiveness to novelty, including high avoidance or high exploration, probably depending on the degree of anxiety triggered by the context of behavioral tests. The open-field test and the two-way avoidance test used in these previous studies put the animal in a kind of forced situation that may include a strong anxiogenic component (Belzung 1992; Belzung & Le Pape 1994) . In addition, the light/dark mouse exploration test taps the naturalistic conflict in mice between the desire to explore a novel environment and to avoid the aversive properties of a brightly lit open field. In contrast, the modified novel object test used in the present study may provide a context that suppresses the anxiety component and thus enhances the expression of novelty-induced reactions or novelty preference in the mice. The present results support the theoretical concept that novelty stimuli create both approach and avoidance behaviors, which compete with each other (Belzung 1992; Berlyne 1960; Bronson 1968; Crawley 2000 Dember 1956 Montgomery 1955) . In some mice, under conditions that minimize avoidance, novelty stimuli elicit play-like secondary reactions after primary approach behaviors. The present results revealed that the secondary reactions to novelty are highly dependent on genetic factors, as shown by the large variation among the five inbred strains.
The active and augmented behavioral tendency toward novel and varied experiences have been implicated in novelty-seeking personality (Cloninger 1986; Zuckerman & Neeb 1979) . In the sociopathic spectrum, an augmented expression of desires toward novelty has also been associated with violent behaviors including crime (Cloninger 1986; Ruchkin et al. 1998; Sigvardsson et al. 1987; Zuckerman & Neeb 1979) . The present results suggest that BALB/cJ and DBA/2J mice can be associated with high novelty-seeking trait although they have been known as strains with high harm avoidance (Buselmaier et al. 1981; Crawley et al. 1997; Thompson 1953; Weinberger et al. 1992) . The traits which have both high novelty seeking and high harm avoidance have been also reported in subsets of human personality and mental disorders (Fassino et al. 2004; Gomez-Perreta et al. 2001; Svrakic et al. 1993; Waller et al. 1993) . Pharmacological analysis and genetic identification of the factors associated with the play-like secondary reactions may provide an insight into the mechanism underlying mood control during novelty perception.
